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[. INTRODUCTION:

The obJect1ve of this work is the deve]opment of a system for the
formatlon of excimers from the1r van der Waals ground states. The .
approach to be taken will use the low temperatures obtained in a
lfree jet expansion to produce a h1gh steady—state concentration of -
van der Waals dimer or oligomer. These w111 be excited by lgy; '
'gﬂgrgy resonant electron bombardment to yield excimers'or excip]exeS“‘
in an exc1ted v1brotat10na] state. Co]1151ons cou]d, in turn,

induce v1brat1ona1 re]axatlon of the bound excimer or exciplex. 4The

proposed mechanism is, then, as follows:

1

A+ B —— AB -~ (in free jet expansion)

AB + ef] 2, AB+ + e - (electron-beam excitation)
-1:4"3 * o S

AB' + M ——— AB -+ M : (collisional de-excitation)

‘In the meohanism,bA'might be a noh]e gas atom while B could be
another noble gas atom, an oxygen atom or a halogen atom. The
Aprocedure is based upon the known ebility to form dimers and
oligomers ih the first.Steps of condensation in a jet expansioh

It assumes that exc1tat1on by electron- bombardment is a “vert1ca1"

process

The ‘experimental system proposed for theSe3studies is shown sche-
matically in Figore 1. The-first quarter of this grant has ma1n1y

1nvo]ved the evolution of de51gn criteria for this system
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Figure 1. Experimental Apparatus
Orifice 0; Skimmer S; Collimator C; Vacuum Pumps V], V2, V3, V4, V5; Beam Chopper BC;

Excitation Electron Beam E] or E], Analytical Electron Beam EZ; Electron Multiplier EM;
Time-of-F1ight Mass Analyzer TOF. HNote: Distances LO’ L1 and L2 are variable.
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II: DESIGN OF THE DIMER/OLLGOMER BEAM.

- The dimers and oligomers to be studied will Be formed in a free jet
expansion. A brincipa]bpart»of the instrument design will conse-
quentiy involve the development of a nozzle-source molecular beam.
An'in-depth review of the 11terature has‘revea]ed‘that the tech-

-no]bgy of cluster beams (beams with coﬁdensation'nuclei) has lagged
that of molecular beams, in general.ilThis has required the-dekfva-
tion of a number of new relations, the validity of which had to be
checkéd against the mass of Qxiéting experimehta] data..'Tab1e’I
'1nc1ude5‘a summary of desfén equétibns which have-beén developed

for a cluster beam. -

"~ A.-number of desfgn criter{a have been.éVolved in terms of the o
ivariéﬁles'in these equations. ,The mdst important of‘theﬁe are
givenLin Table II. We are currently deéigning,the'anile?beam
system tb.meet these ckiteria and to give optimum dimer.iﬁtensity.
" The important experimenth'variab]eslfof controlling dimer con-
centratjon will be:-
-Nozé]e-to—sK{mmer distance,-
nozzle diameter, =
étagnation(pressure; and
stagnation tembefature.“
: A]though'nOZZie;shape'is an‘important,factor in usual nozzle-beam
 desjgn, it ié'unimportant for dimer and.loyer-dligomer_studies. A
study Of-c1uster intensity for the.various‘nozz1e §hapes

reported'has‘reVeaTed that intensity increases were due to the




TABLE I: CLUSTER BEAM EQUATIONS

- 4e-

Property ~ Relation .
_ o A
. Nozzle Knudsen No. K = 5 _
Ski Knudsen N K A
. Skimmer Knudsen No. . -
| skimmer Dsicimmier
L ' . _ M
. Mach Disk Knudsen No. K = =
MD . D
MD
Nozzle Haximum M - I 2 oo V2
CRlow Rate [ Sm L2 T 0t o
dt ¥+ o & ' W
1
. L -1 2
. Centerline Jet Density p =. {0 0678] {—2—4 P
o , ¥ -1 X 0
. o P 1/2
. Location.of Mach Disk X = 0.67D {2}
‘ MD P,
. Location of Virtual x_ = D {0.20 f - 0.56}.
Source Point P '
4 . ) ‘_XXA 'Y"]
. Mach Number of Flow - Ma = §¢£§ {_i&JZ }
~ . , 4 g, =0.4
. Terminal Mach .No. Map = 1.17°K
Location of Onset.of | X, = 0.6 —%—
-Background' Penetration -
' | . 2.86-p, D To 1/2
Jet Expansion Chamber Pp = — 0__ { 2
Background Pressure S M
' ' . 5(y-1
. X - 5/2
| . 0.0304 “BS. 543, ¢ X T2
. Jet Start-Up-Time trise = < s D { > } Agt:



TABLE I (Continued)

Property - ‘ _ Relation
13 Jet Deca -Timé t o= fékimﬁéﬁ
) seay fall CH
Symbols Used In Table I:
o = Density D =‘Diametef,l 5 = Pumping Speed
y = Heat capacity. ratio - m.= Mass ' T = Kelvin Temperature
A = Mean free path M = Molar Mass ~ X = Distance From Nozzle
¢ = Speed of Sound 'p = pressure Bt
f = Thermo degrees of
' Freedom
Subscripts:
0 denotes stagnatioh'chambek_ ,
T+ ~ denotes jet-chamber background

BS  denotes properties of jet barrel shock




“For jet formation:

K

N

0.3
| For negligibﬁe skimmer interferencef

) KSkimmeY‘ > 50 . 18 OK.

Kskimmer < 1 is  OK.
< Kékimmer % - 50 is NoK.
The negligib]e effect on Jet properties:

. .

Xskimmer 7k

MD”

For similar c1uster'intensity and size distribution; two scaling-

" laws -have been suggested in the literature:
| /2 _ 2,375} = cons ’
A{pOA pl/2 1" :} constant

constant -

L -=2.50 -
{’po. D<_T0A -} =

RO
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" formation of beams with 1éfger average cluster sjze,.but that

the INTENSITY OF THE DIMERS, TRIMERS AND OTHER LOWER-OLIGOMERS -

DOES NQT-CHANGE‘WITH-NOZZLE'SHAPE. This has led us - to con;]ude fhaf
a sonic nézz1eij11 be best fOrAthe study of the -transition from |
nozzle-bean to t]uéfer—béam~flpw,' More important for our studies, :
thé sonié nozzle.w111‘give equally high dimer concentrations .
without the problem of high concentratibns of heavier clusters'!

We now p]aﬁ‘to use pkecisibn spinnerette orifices! 1Ahother impbrtant
design decision has beén made:A If we combine equations 6 and 11 of

Table I, we obtain the following interesting result:

X 2 gup 0.5 M, 0.25

MD . TO

The position of the Mach Disk and so all of the'geometfic properties -
- of the jet are independent'of noiz]g and‘chamber properties in a
system'with a fixed pumping $peed’- Moredver, to the extent fhat

the foﬁrth-poWer»depehdence dnATg is weék (and 50'mayAbeAneglected),

jet geometry will be. independent of stagnation conditions as we11;

,Since the tonfro] of jet properties is at the heért of our approach,:
it is'broposed to use a 231339 jét expansibn. This, in effect, will
providé the contro]l 6f Py kequired-in‘our méchanism. .Alth0ugh.this
approach adds the meéhanicél‘design of a pulsed nozz]é to our pro-
blems, it will also add another control parameter: the duration of
the jet pulse. Equations 12 and ﬁ3'have been applied to show
steady-state jet expans{oné can be'obfained in times of the order

of a millisecond.



IIL:

THE BEAM DETECTION:SYSTEM

' 'AS'parf of the'dimer/molecular beam apparatus, a modulated-beam

mass spectrometer system is being built. The key elements of this |
system are:

The beam modulation units;

the mass‘spectrometer;

é<retarding potential energy analyzer.

The beam modulation subsystem will be obtained from one of a number.
of commercial sources. [t is considered that this part of the

" modulated beam spectrometer will pose no significant problems.

A model 12‘Béndix_Time-of—FTightAméés spectrometer has been-.obtained
on a two-year loan from the Envirohmenta] Protection Agency, Cin-
cinnati: This unit is planned to be the heart of the modulated-

*

beam system. Considerable time has been spent on the electronics

" of this unit. If these eTectronics cannot be made're1iab1e with

another mbnth of effort,‘we will replace them, either with. commer-

cial or in-house designed circuits.

‘Mass spectroscopy of c]uéter beams is in its infancy. The. probiem

is the ‘lack of any standards for cluster size distr{butions. The

_ cqmbined use of retarding-potential ion energy analysis -and of mass

analysis in an -alternate-cycle beam'monitoring'system should provide,
a- new sfandard.forAsize—distribution measurements., Consequently,

an RP analyzer will be added to- our apparatus in line with the -

~molecular beam but downstream of the mass speétrometef‘electron

beam; The addition of the RP analyzer represents an improvement
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over the Qrigina1‘prop05a] which should be very valuable in our -

study of heteronuclear excimer systems.

IV: PHOTON DETECTION

| Principal elements ot‘this component of the epparatus are:
the excitation'e1ectkon‘beam;
the photon detectors |
g the Vac-UV,. visible mohochromatqr

. the photon-counting system.

Little has been done to date on the des1gn of the excitation
ie1ectron gun, Th1s unlt w111jbe des1gned in the second quarter

of the grant period.

A photon detection system has,beeh designed and ohdered. be]ivery
s expected by the end of March, 1§76. Top priority was given to the
development of the specifications of~this system because it was .
. expected that 1ts components wou]d have the 1ongest de11very t1mes.
- Basically, the system w111 1nc1ude .
Minuteman Laboratories Model
© 302-VM Scann1ng Vac- UV- V1s1b]e monochromator;
Pr1nceton App11ed Research Model
| 1109 photon counter;
Principal Applied Research Model
1_12i amplifier-discrimator;
EMI Photomu]tib]ieh 9635Q8;
Products foh'Reéeahch_TE‘jO4 thermoelectric

refrigerated PM chamber;
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Galileo CEM 4000-series channel electron multiplier.

Vi CALCULATIONS OF POTENTIAL'ENERGY’CURVES;
A key assumpt{on in~the.general-application_of the»]ow-préssuré
approach:to the study of'ex;imers and excip]gxes involves the
formation of hetekoﬁué]edr van der Waals clusters.. Little is

_ known‘qf‘the staEi]ity of these speciesAor of the kinetics of
their fdrmatioﬁ and ionizatién. It dis p]énned to generate ground
;tate potential curves for homo- and-heterohu;1ear‘n6b1e gas’

" diatomics molecules and fons. These can be used‘toAset'theoreti-
cal Timits on the con;entratibns of thése species which. can be
formed in.fhe'jefléxpansion énd which tén be detected mass .

' épécfrometri;a11y. The following is a report on‘otherAca1-

culations for the Xenon Oxideusyétem.

.XENON-OXIDE POTANTIALS |

Xenon and oxygen form only weakiy bound complexes in the ground
- and firsf-feh excited states, éq we decided to calculate the.

potentié] curves for-ground stéte Xenon interacting with oxygen
atoms: (in the'3P,']D and 15 states) using the Gordon-Kim approxi-
mation.] This treathent‘neglects electron rearrangement as the
atoms apprqach one anofher,'and permits one to calculate theAinter-
action in»terms of the unperturbed étomic~e]éctron densities., The

interaction is expressed as

v.=V

Yeoul * v

as
where‘the first term includes a11'Couiombic interactions and the

second contains correlation and Hartree-Fock contributions. 'Vgas
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is written as an integra1 of sevéra1 functions of~the_e1ectroﬁ density
‘Which were obtained.from-the mode1.0f a-uniform electron gas. This.
presented no difficultfes,gand was evaluated in_the;same-manher as
done by Kim and'Gordoh.] Evaluation of'fhe Coulombic term reqﬁired
some development because of the hon#sphekica1 shape of the oxygen |
atom's charge density.‘ However, the anguTér averages c&u]d be done
~analytically, just as Gordod‘and,Kim did forASpherical atOms,‘and-
-the radial‘integra]é were theh.e§a1Uated by Gauss-Laggérre‘quadra-

ture .

Using C]emehtf's §CF wavefunctionsz’fbr Xe and the three different

0 statés,‘we obtained the cﬁrves.éhown iﬁ Fig.l 2 . A1l curves shdw‘
weak minima in the neighborhood of 7 a.u. sepération. Cooper 22:21?

. and Huestﬁcs gg_glé have épéctroséopiéa]iy'deterhined some of the
wé11-depths;_‘Thez1attér aufhors requt DOAF 0.324, 0.0275,~and'

+

00571 eV,-resbectTve]y, for the 1'51 R 1JTT,‘and 2"2+ curves.

Only thé-centraT va]ue,is cbmpafab]e to that found in our calcula-.

' tion. The. 0.0571 eV well could result from the addition of po1éri- -

zation effects, but the -large value of 0.324 eV probably indicates
the'importance.of‘some chargé-transfer interactions in the 1'z"

state, as argued by Huestis 93;91,4

Our calculations show that the-cufves‘aﬁ1§ing from_O(3P) do not
1ntersecf the 1}2* curve withfn several kT of its w¢11 minimum, A
If a 0.324 eV well is added to the 1'z’ curve, the position of the
well is the determining,factdr'inithis regafd. Thé position Was

not determinable from the spectroscopic experiments, however, and

e e YA ——— .
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its final 1ocatibn will probably have to be found by accurate -molecular-

orbital calculations,
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